Although hypothermia is being used as an adjunct to general anesthesia, its cardiovascular effects in man are not fully known. In this report the authors present the hemodynamic changes observed in patients undergoing hypothermia under the clinical conditions of its practical usage in the operating room. Considerable variability in vasomotor and cardiac responses was encountered, indicating that uniform behavior of patients to this agent is not to be expected in the relatively uncontrolled operating room setting; therefore, it should be used conservatively, particularly in critically ill patients in whom unexpected reactions may be disastrous. 
T HE use of hypothermia as an adjunct to general anesthesia is becoming increasingly common. The indications for its application, and the various technics by which patients may be cooled have been reviewed in many publicacations and recently summarized by Virtue.' However, aside from electrocardiographic studies,2 measurements of the physiologic alterations produced by the artificial induction of hypothermia in man have not been made in the operating room.
With regard to cardiovascular function, it is generally assumed that those physiologic changes that occur in dogs in the controlled environment of the experimental laboratory also occur in patients in the variable atmosphere of the operating room. The work of Prec's group,3 Bigelow and his colleagues,4 Edwards and co-workers,5 and Sabiston, Theilen, and Gregg6 indicates that in cooled dogs, heart rate, blood pressure, and cardiac output are frequently almost linear functions of body temperature. However, Hegnauer and D'Amato7 have demonstrated marked elevations of cardiac output and oxygen consumption in dogs due to only moderate shivering during the cooling period.
There seemed, then, a need for more detailed observations of the circulatory alterations pro- In the 3 patients (B. T., E. F., F. R.) in whom simultaneous measurement of red blood cell and plasma mean circulation times were made, the ratio of these mean times averaged 1.05. This is higher than the 0.97 reported for normal subjects'6 although the series is too small to determine a significant difference. This observation suggests that the velocity of red blood cells in relation to plasma may be decreased in the hypothermic state and requires further study.
Central Blood Volume. The central blood volume of Hamilton" theoretically includes the volume of blood contained between the site of injection of indicator and the point of sampling. This volume thus includes the great vessels, heart, and lungs, and all vessels equidistant with the sites of injection and sampling. This volume was increased by more than 10 per cent in 5 cases, decreased by more than 10 per cent in 2, and showed no significant change in 3.
Hematocrit, Plasma Volume. Precooling hematocrit levels were not determined in D. T. and J. C. The remaining 8 patients demonstrated a consistent hemoconcentration. The mean hematocrit rise following cooling was 8 per cent (range 6 to 10 per cent).
Plasma volume determinations were made in 5 instances in the normal and cooled state. All showed decreases. The magnitudes of the plasma volume alterations (6 to 12 per cent) were consistent with the hematocrit elevations, and suggest that an absolute loss of circulating plasma volume occurs in the hypothermic state. These phenomena have been well recognized in hypothermic dogs."7 DISCUSSION This investigation has afforded the opportunity to observe the circulatory effects of induced hypothermia as it is clinically employed. The results indicate that the information obtained from the study of dogs in the experimental laboratory cannot always be "literally translated" to hypothermia in man under conditions existing in the operating room.
In anesthetized man, hypothermia produced relatively consistent changes in heart rate, mean circulation time, and the pressure pulse contour, whereas alterations in other parameters differed qualitatively. Cardiac output and mean arterial pressure, and consequently total peripheral resistance and cardiac work alterations, were unpredictable.
Differences in arterial pressure responses, chiefly hypertensive, suggest that in the temperature range studied, homeostatic vasopressor reflexes are active to varying degrees from patient to patient. In most instances, when the operation was begun, the arterial blood pressure (auscultatory method) fell to and remained at levels lower than control. However, it is impossible to draw any conclusions from this phenomenon, since the level of the blood pressure must be related to cardiac output, blood loss, "drifting" of body temperature, and the reflexes and other influences that accompany extensive surgery.
Increased cardiac output may be related to somewhat variable levels of anesthesia, resulting possibly in subclinical shivering and increased oxygen consumption.7
The consequences of intense systemic vasoconstriction and increased cardiac outputincreased work of the heart (observed in 5 of these 10 patients)-may be deleterious. Although this is a tenuous conclusion in the absence of observations of myocardial oxygen consumption and myocardial efficiency, it warrants mention, since so-called "poor risk" patients, who, presumably, include those with heart disease, have been considered candidates for hypothermic anesthesia. ' Controversy exists as to whether autonomic blocking agents are useful adjuncts to hypothermia.'8' 19 The data described here may support their use. Reducing the intensity of the vasoconstrictor response to cold might conceivably relieve considerable stress on the cardiovascular system. Although considerable data have been accumulated regarding the physiologic effects of experimental hypothermia, there is as yet insufficient data concerning the physiologic effects of "clinical" hypothermia induced in a patient about to undergo a formidable operation. Until our understanding of the hypothermic state in man is more complete, the indications for its use should be viewed conservatively. Measurements that will contribute further to our understanding of the hypothermic state in anesthetized man include oxygen consumption, both total and regional, regional blood flow measurements, and chemical and metabolic alterations.
SUMMARY AND CONCLUSIONS Cardiac output, direct arterial pressure contours, and other measurements of circulatory function were made in 10 patients in whom hypothermia was induced prior to extensive noncardiovascular surgery. Measurements were made before cooling and again at rectal temperatures between 30.5 and 32.5 C. The results were characterized by considerable variability. The data suggest that vasomotor and cardiac responses to cold were active to varying degrees in individual patients and that uniform physiologic responses to hypothermia cannot be expected in the experimentally uncontrolled operating room setting. 
